INTRODUCTION
Anomalous horizontal stress conditions within reservoir rock can result in azimuthally anisotropic (AA) elastic properties. The amount of stress-induced anisotropy can vary depending on the sedimentary rock type, and on the subsurface stress conditions. There is currently no methodology we are aware of to quantify a relationship between anisotropy and sandshale content in unconsolidated sediments. Determining a relationship between sand-shale content and azimuthal anisotropy would enable modelling of dipole shear log data in areas where such logs have not been acquired, and would also provide an inversion method to estimate the spatial distribution of sand-shale ratio from seismic azimuthal AVO.
The Stybarrow is located approximately 65 km offshore Exmouth on the Northwest Australian coast and is a specific case where effects of strong azimuthal anisotropy have been observed. Up to 15-20% difference in fast and slow velocities are observed in the dipole shear logs (Figure 1 ). Further evidence has been observed in borehole breakout data, VSP data (Pevzner et al., 2009 ) and 3D seismic migration velocities (Hung et al., 2006; Bishop et al., 2010) . The fast velocity direction (125°/305°) observed in the velocity data also approximately matches the maximum regional stress direction (Hillis and Reynolds, 2000) . Previous work has demonstrated that certain (but not all) fault blocks at Stybarrow exhibit azimuthal AVO consistent with an HTI anisotropy model. The sediments at Stybarrow are fairly unconsolidated. A qualitative comparison of the shale volume log to the anisotropic parameter log at the Stybarrow Field indicates that formations with greater sand content have larger values of , whereas formations with less sand (greater shale) content have small to negligible values of (Figure 1 ). In the dipole shear log data there is evidence of azimuthal anisotropy in the sands below, but not above, the regional unconformity (below the Muderong Shale).
In this paper we make a link between the degree of azimuthal anisotropy measured in log data and the observed azimuthal
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METHOD
We model AA synthetic seismic gathers at the two different 3D seismic acquisition azimuths (along the slow velocity axis and at a faster axis 54° from the slow axis) using well log data and Rüger's (1998) 
where is incidence angle, is the angle of azimuth from the symmetry axis plane (angle from the slow velocity axis), is the vertical (fast) P-wave velocity, is the vertical (fast) Swave velocity, (the fast direction P-wave impedance), and (the fast direction shear modulus). The average P-wave velocity is given by ̅ ( ), a function of the vertical P-wave velocities and , where the subscripts 1 and 2 correspond to the upper and lower medium, respectively. Similarly, the difference velocity is given by ( ). The average and difference values for , , ( ) and ( ) can be calculated in the same way.
Fields , ( ) and ( ) are the anisotropic Thomsen parameters (Thomsen, 1986; Contreras et al, 1999) , defined in terms of fast and slow velocities. These anisotropic parameters are related to the 6x6 Voigt elastic stiffness tensor (Thomsen, 1988) . The P-wave fractional difference in the [x1,x3] plane, ( ) , which is written in the VTI format, is given by:
while the S-wave fractional difference, , also in the [x1,x3] plane is:
;
and ( ) is the third anisotropic parameter as approximated by Thomsen (1988) ,
We stack the azimuthally anisotropic modelled gathers in the ranges 10-20°, 20-35° and 35-50° for the faster and slow direction. Then we subtract the faster traces from the slow traces to give a broad overview on the azimuthal differences in AVO. We then correlate the azimuthal AVO variations observed in the modelled gathers to areas of either sand or shale content. Finally, we look for trends between the amount of sand-shale content and the values.
We quantitatively investigate sand-shale anisotropy trends through analysis of crossplotted and , deriving the scaling factors required to convert one to the other for interval ranges of Vshale. We plot the scaling factors against the corresponding Vshale values to determine an AA sand-shale relationship.
ANISOTROPY AND AZIMUTHAL AVO
Stybarrow has azimuthally dependant AVO consistent with an HTI anisotropy model , in certain, but not all fault blocks. Figure 2 shows the AVO from azimuthally anisotropic modelled gathers for two separate well logs at the same interface (Top Macedon), with different amounts of sand-shale content. The slow axis AVO is modelled along the slow velocity azimuth at Stybarrow and the fast axis AVO, 51° away from the slow axis. Well 1, which has greater amounts of sand content and smaller amounts of shale, shows an azimuthally dependant AVO trend (azimuthally anisotropic). Well 2 has smaller amounts of sand and greater amounts of shale content and its observed AVO response does not exhibit azimuthal AVO. 
SAND-SHALE ANISOTROPY ANALYSIS
From an analysis of and dipole shear logs, we fit the following linear relationship between the scaling factor (SF) required to convert to , and the shale volumetric ratio:
where is the shale volumetric ratio relative to sand. Figure 4 shows the original scaling factors for small intervals of Vshale. These values were found using all wells in the area's log data below the regional unconformity (where AA is evident), the scaling factor from Equation 5 is also shown. A comparison of the scaling factors estimated from log data and those from Equation 5 shows that Equation 5 is only reliable at Stybarrow for Vshale values >0.3.
Using the scaling factor, the slow S-wave velocity can now be calculated from the fast velocity and vice-versa:
Since Equation 6 follows from Equation 5, the same limitations regarding Vshale <0.3 hold true.
By substituting Equation 6 into Equation 3, the S-wave anisotropy fractional velocity difference  is calculated purely as a function of the shale volumetric ratio:
To test both Equation 6 and 7 we compare the predicted results to those measured in the well logs ( Figure 5 ). The predicted log (green compared to blue) follows a very similar trend to the real data, indicating that our relationship provides an accurate prediction for Vshale >0.3. A crossplot of the two shows a very strong correlation, with a correlation coefficient of 0.868 ( Figure 6 ).
The correlation between the predicted and observed values of γ (green compared to black) is also very good for , with a correlation coefficient of 0.655 (Figure 7) , and the general trend is well captured (Figure 5 ), particularly given that the prediction is calculated solely from the volume of shale and the errors from the dependent relationships are propagated. Zone A in Figure 5 highlights an area where the γ relationship fails, since this point is above the regional unconformity where the dipole shear log measurements show no evidence azimuthal anisotropy. Zone B is another area where the γ relationship fails; this is in a sandy region where Vshale values are <0.3 and the limitations previously discussed for Equation 5 apply. 
CONCLUSIONS
We have shown that azimuthal anisotropy is stronger in sediment zones with high sand-shale ratios (low shale volume). This was demonstrated by a quantitative comparison of the log measurements for Vshale and , and also by modelling azimuthal AVO gathers from well log data. We have derived a relationship to find the scaling factor to convert to as a function of Vshale. We then extended this relationship to predict as a function of Vshale. We further tested these relationships on the real data measurements and found that they provide accurate estimations of the azimuthal anisotropy and sand-shale ratio values. From these relations we conclude that the spatial variation in azimuthal AVO seen at Stybarrow is likely due to the spatial variation in sand-shale content. Implications of our work include a method to predict dipole shear log data from Vshale logs in AA areas where such logs have not been acquired, and a method to estimate 3D sand-shale ratio values from azimuthal AVO data.
